Considering the large number of children worldwide attending all-day schools, information on the effects of lunch on short-term cognitive performance is of public health relevance. However, only adult studies investigated this issue yet. Therefore, this study examined the impact of skipping lunch vs having lunch on children's cognitive functioning in the early afternoon. SUBJECTS/METHODS: Participants in this randomized crossover study with two groups were healthy 6th grade students of an all-day school in Gelsenkirchen, Germany. Group 1 skipped lunch on study day 1 and received an ad libitum lunch 1 week later on study day 2. The order for group 2 was vice versa. In the afternoon tonic alertness, visuospatial memory and selective attention were determined using a computerized test battery of the Vienna Test System. For continuous and discrete interval-scaled variables, treatment effect was estimated using the two sample t-test or the Wilcoxon rank-sum test, for discrete ordinal-scaled variables using generalized linear models. RESULTS: Data on 105 children (48% male; 12.6±0.6 years) were analyzed. Except for tonic alertness there were no significant differences in cognitive functioning between the skipping lunch day and the having lunch day. The higher number of omission errors on the skipping lunch day lost significance when adjusting for multiple testing. CONCLUSIONS: In the first study on this topic lunch did not have relevant effects on children's cognitive functioning in the early afternoon. Future research needs to be done to figure out potential methodical and physiological explanations.
INTRODUCTION
The long-standing National School Lunch Program of the US 1 and its nutrition standards 2 set an example for a well-organized provision of school meals with the objective of health promotion in school children. In Europe, provision of school meals differs between countries: in some countries (for example, Finland, France and the UK) schools have to provide lunch everyday, whereas in other countries (for example, Austria, Ireland and Norway) schools decide individually whether to offer lunch or not. 3 In Germany, from 2003 onwards a reorganization of the school system from part-time to all-day took place, 4 requiring the provision of school meals. However, a nationwide survey in 2004 revealed that only 74% of German children attending all-day schools ate a proper lunch on most of the days; the rest of the children had it several times a week or not at all. Overall, the number of school children having a proper lunch declined further with age. 5 In line with these results, a regional study in Jena in 2005/2006 showed that only 67% of the boys and 64% of the girls participated in daily school lunch and the proportion decreased with age. 6 One argument often used for the provision of school meals is the enhancement of children's cognitive functioning. Existing experimental studies in this area of research primarily concentrated on the impact of breakfast on children's short-term cognitive performance. Although results of earlier studies were contradictory, 7-9 a recent systematic review suggested that there were positive cognitive effects associated with having breakfast as compared with skipping it. 10 However, just because having breakfast may have positive cognitive effects in children does not mean that having lunch works in the same way, for example, the effect of lunch may be smaller than that of breakfast, as a preceding fasting period (overnight fast) does not occur. 11 Furthermore, the meal effect on cognitive functioning may be different depending on whether a nightly rest or a working phase was carried out previously. Daily variations in performance may also modify the way a meal effects cognitive functioning.
To our knowledge, no research has been performed yet concerning lunch and children's short-term cognitive performance. There is only some information from adult studies that points to an impairment of some aspects of cognitive performance after having lunch, [12] [13] [14] but these findings are not unrestrictedly transferable to children. It might be hypothesized that lunch skipping might worsen cognitive functioning in children when compared with adults owing to the relatively higher demand for energy and nutrients necessary for healthy brain function during childhood. Considering the large number of children worldwide spending their time at school until the afternoon, the lack of uniformity regarding school meals in Europe and the low school lunch participating rates in Germany, information on the impact of lunch on cognitive performance is of public health relevance. Therefore, objective of the Cognition Intervention Study Dortmund (CogniDO) was to examine the effects of skipping lunch vs having lunch on selected aspects of short-term cognitive functioning of German all-day school children. Selected aspects of cognitive functioning were attention (tonic alertness, selective attention) and working memory (visuospatial memory), with both considered as fundamental processes having a role in other cognitive functions and everyday activities. 15, 16 
MATERIALS AND METHODS

Setting and participants
Setting was a secondary all-day school in Gelsenkirchen, Germany. The school was eligible for participation, as it is attended by a large number of children ensuring a sufficient sample size and is equipped with both adequate computers for cognitive assessment and a school kitchen which provides a well-established warm school lunch. We obtained written parental consent for 121 (75%) of 161 6th grade students. In order to ensure homogeneity of the study population, five children with diagnosed learning disabilities were excluded, with information on the presence coming from the teachers. The study was approved by the Ethics Committee of the University of Bonn, Germany.
Study design and intervention
A randomized, open-label crossover study was performed with two test days (skipping lunch day, having lunch day) embedded in everyday school life ( Figure 1 ). Study conduct was realized on the level of school classes with the first class being tested at the end of May and the last class at the beginning of July 2011 (Table 1) . Within their school classes, participants were randomly assigned to one of two groups (simple randomization with replacement). One group skipped lunch on study day 1 and received lunch ad libitum 1 week later on study day 2 (SL-HL). The order for the second group was vice versa (HL-SL).
On both test days, subjects consumed a standardized morning snack ad libitum during the common morning break. The snack consisted of wholemeal bread with margarine, poultry salami or Gouda cheese and carrot sticks, water was available at any time. On the skipping lunch day, water was offered at usual lunch time at the school refectory, lunch was eaten immediately after cognitive assessment. On the having lunch day, pasta Bolognese was prepared by the school kitchen staff as usual and offered together with an apple and water at usual lunch time at the school refectory. The amount of pasta eaten was assessed by weighing the individual plates before and after having lunch by the study staff.
All participants were asked to refrain from eating and drinking (water allowed) between the morning snack and lunch as well as between lunch and cognitive assessment. In order to check whether the subjects act as they were told, we used a short questionnaire for the children to fill out at the end of the test day in which they were asked for information regarding their food consumption in the periods between the offered meals. Study materials and study conduct were pilot-tested in fifth grade students of the same school in February 2011 and relevant experiences were taken into account when carrying out the actual study (for example, reminder calls to the teachers on the day before test days).
Cognitive assessment For cognitive assessment we used a computerized test battery of the Vienna Test System (VTS) (Schuhfried GmbH, Mö dling, Austria). At the usual beginning of afternoon lessons cognitive assessment was performed; with five to 28 children per class tested at the same time. After a short verbal introduction by the study personnel, children were standardized prepared for each task by both an animated instruction phase and an error-sensitive practice phase ( Figure 2 ).
The following three subtests were always applied in the same order:
Perception and Attention Functions: Alertness (WAFA)-measures the level of alertness in response to a simple visual stimulus without a preceding warning signal. The test duration is 4 min. Main outcomes are the mean reaction time and the deviation of reaction time; subsidiary outcomes are the numbers of omission (stimuli to which no reaction follows within 1.5 s) and commission errors (reactions when no stimulus had been presented). CORSI Block-Tapping-Test (CORSI)-assesses the so-called immediate block span, which reflects the capacity of the visuospatial subsystem within the working memory. The test is a task of reproducing prescribed sequences from two to eight blocks. After three sequences the number of blocks increases by one. The test closes as soon as an error in three successive sequences is made. The number of worked sequences and hence working time is determined by the participant's test performance. Main outcome is the immediate block span (longest sequence correctly reproduced in at least two of three items); subsidiary outcomes are the numbers of correctly and incorrectly reproduced sequences and the number of sequencing errors (sequences including all the blocks of a prescribed sequence, but in the wrong order). Cognitrone (COG)-measures selective attention. Subjects have to decide whether a displayed figure is identical with one of four figures shown or not. Working time per item is unlimited and total working time is restricted to 7 min. Main outcomes are the number of reactions and the percentage of incorrect reactions; subsidiary outcomes are both the numbers of correct and incorrect reactions and both the mean times to react correctly and incorrectly.
Statistical analyses
All analyses were performed with the data of the children who completed both test days (complete-case analyses). As outcome measures the parameters of cognitive functioning (main outcomes and subsidiary outcomes) presented in Table 3 were considered. For continuous and discrete interval-scaled variables (WAFA, COG), individual differences of the respective outcomes of both test days (test day 1-test day 2) were compared on the group level (SL-HL vs HL-SL) using the unpaired t-test for normally distributed data and the Wilcoxon rank-sum test for T ¼ Thursday) over a period of 6 weeks (1-6) in six school classes (a-f )
non-normally distributed data. For discrete ordinal-scaled variables (CORSI), treatment effects were analyzed using generalized linear models (PROC GENMOD) with the assumption of a multinomial distribution. As link function, cumulative logit was used in the model. The fixed statement considered treatment, test day and the interaction between treatment and test day. Adjustment for multiple testing had been equated with the Bonferroni procedure. According to the crossover design, we also considered potential carryover effects although these might be irrelevant here, with the carryover effect defined as the persistence of a treatment applied at the first test day in the second test day of treatment. 17 However, no carryover effects were found. The calculation of sample size based on parallel group design revealed that 68 children are needed to detect a difference of 45 ms in the mean reaction time (WAFA Alertness) between the groups SL-HL and HL-SL, with a ¼ 0.05 and a power of 0.8. All analyses were performed using the statistical software package SAS 9.1.3 (SAS Institute, Cary, NC, USA). Po0.05 was considered as statistically significant.
RESULTS
Of 116 children with written parental consent, 11 children (9%) dropped out because of illness on one of the test days. The mean age of the study population (N ¼ 105) was 12.6 ± 0.6 years; gender distribution was balanced (48% male); 56% of the participants had lunch regularly, that is, consumed lunch at the school refectory by subscription ( Table 2) . Weight of eaten pasta Bolognese ranged from 75-490 g with a mean (s.d.) value of 333 g ( ± 99). For visuospatial memory (CORSI) and selective attention (COG), no significant effects of lunch were observed (Table 3) . For tonic alertness (WAFA), a significant effect was found with a higher number of omission errors on the skipping day as compared with the lunch day (P ¼ 0.03). A greater deviation of reaction time on the skipping lunch day than the having lunch day was observed, but difference was not statistically significant (P ¼ 0.07).
We performed an additional analysis considering only participants who had fully adhered to the study protocol (no eating and drinking except for lunch and water) (N ¼ 86): the significant effect of lunch skipping on the number of omission errors (WAFA) disappeared (data not shown).
DISCUSSION
In the present crossover study, lunch had no effects on children's short-term cognitive functioning regarding the visuospatial subsystem within the working memory and the selective attention, whereas the data indicate an effect on tonic alertness with a higher number of omission errors and a larger deviation of reaction time on the skipping day as compared with the lunch day. To our knowledge, this is the first study providing initial insights into the effects of lunch per se on children's short-term cognitive functioning. Existing studies in children focused on cognitive effects of modifying lunch provision and lunch environment, for example, cafeteria layout. 18, 19 However, potential effects of those programs might not only be owing to lunch but also to improvements in children's mood and wellbeing.
Only within adult studies the effects of lunch on short-term cognitive performance were examined yet, with lunch size and lunch composition primarily considered. 11, [20] [21] [22] [23] [24] [25] Only three studies compared lunch skipping with lunch. [12] [13] [14] The cognitive aspects assessed (for example, perceptual discrimination, sustained attention) were mostly different from ours, making a direct comparison impossible. Smith and Miles 13, 14 determined selective attention as we did, but used a Five-Choice Serial Reaction Time Task in a randomized intervention study. 13, 14 In contrast to our study using the Cognitrone, they found an effect with the group who skipped lunch being faster than the group who had lunch. Taken together, available studies in adults suggest an adverse effect of having lunch on some aspects of cognitive functioning. In this context, the so-called post-lunch dip, which may be caused by endogenous factors (circadian rhythm) but also by exogenous factors (for example, lunch), 26 has often been discussed. Furthermore, Follenius et al. 27 observed a lunch-related cortisol peak, 27 which in turn may be responsible for a decrease in cognitive functioning.
14 However, the results in adults and potential underlying mechanisms are not necessarily applicable to children, as age-and growth-related physiological differences between children and adults exist. A different circadian rhythm and hormonal status in children may be conceivable. Furthermore, during brain development there are several peaks in brain growth with one of those peaks occurring at the age of 12 28 and therefore well within the age range of our sample. Those peaks are characterized by a higher glucose utilization rate of the brain when compared with adults, with a relation to synaptogenesis supposed. 29 Therefore, children's cognitive functioning may be Some circles are going to appear on the screen.
Whenever a circle appears press the green button as quickly as you can.
Tap on the blocks in the same order.
Back Next Correction
Compare these figures:
The figure below matches one of the figures above.
So press the green button. (65) 27 (48) 59 (56) Abbreviations: HL, having lunch day; SL, skipping lunch day. Group S-L skipped lunch during the first period, group L-S skipped lunch during the second period.
a Defined as consuming lunch at the school refectory by subscription.
Lunch and children's cognitive functioning K Mü ller et al particularly prone to insufficient energy and nutrient supplies due to lunch skipping.
The absence of differences in the selective attention and the visuospatial memory in the present study suggests that there actually might be no effect of skipping lunch in our participants. This possibly could be due to the relatively short fasting period between morning snack and cognitive assessment (4 h), which might be no problem for selective attention and visuospatial memory in healthy, well-nourished children. Regarding cognitive assessment, it may also be possible that the applied test battery of the VTS was not sufficiently sensitive to detect small effects. Furthermore, task selection may have a role, as performance on tasks requiring sustained attention seems to be more attenuated by lunch than performance on shorter tasks requiring selective attention. 30 Last but not least, effect modifiers may have a role (for example, sex). There are experimental studies indicating that sex seems to influence the way breakfast effects cognitive functioning, 31, 32 for example, male students but not female students had improved visuospatial memory after eating breakfast in the study from Widenhorn et al. 32 The same or a similar effect may also be conceivable for lunch in children. However, in the present study sex-stratified analyses revealed no effects either in boys or in girls.
Regarding alertness the results of the present study might be an indication for 'lapses of attention' in those children who skipped lunch, with 'lapses of attention' operationalized as response omissions and extremely long reaction times. 33 However, these results have to be interpreted with caution, as the effect on omission errors was no longer significant when excluding the children who did not fully adhere to the study protocol and adjusting for multiple testing by Bonferroni correction. Furthermore, for omission errors there are many zero values and less nonzero values, with this frequency distribution possibly having effect on the results of the Wilcoxon rank-sum test.
Several limitations of this study need to be mentioned. First, CogniDO was an open-label study, in which everyone involved knew about group assignment. Second, lunch patterns among study population were different (Table 2) : only 56% of the participants had school lunch regularly. According to the teachers the other children brought lunch from home or possibly ate nothing. Third, it is difficult to create familiar, everyday test conditions and to control for potential confounding factors at the same time. Therefore, some children did not fully adhere to the study protocol, in particular did not refrain from eating and drinking as they were told before (n ¼ 19). However, excluding those children changed the results; with the significant effect for omission errors disappearing. Fourth, we had no information on the initial values and the course of cognitive functioning as we applied only one cognitive assessment per test day and refrained from baseline determination as well as repeated testing during the afternoon. The reason for this is that children might loose their motivation by going through the tasks for several times, which was emerged from the pilot test.
Strengths of our study are the crossover design eliminating between-patient variations, the homogenous study population in terms of age and the balanced girl-to-boy ratio ( Table 2) .
The study protocol was thoroughly embedded in children's daily schedule with cognitive tasks performed at the usual beginning of afternoon lessons as this timing enables the transferability of results to everyday school life (Figure 1) . Compared with adult studies, which offered a non-standardized test meal or a defined amount of test meal, the participants of the present study were offered a 'quasi-standardized' test lunch ad libitum (predefined meal, that is, Pasta Bolognese; free choice regarding the amount of meal components, for example, pasta and sauce). In the study of Smith and Miles 13 nearly all adult participants reported that the non-standardized test meal had been larger than their habitual lunch and the authors suggested that the observed effect of being faster in the Five-Choice Serial Reaction Time Task when skipping compared with having lunch might not be due to test lunch, but rather to a deviation from habitual lunch. 13 Furthermore, the application of a lunch that is popular with children (Pasta Bolognese) guards against a biased lunch effect. CogniDO allows for the first time an insight into the effects of lunch on children's short-term cognitive functioning. Except for tonic alertness, no differences in the parameters of short-term cognitive functioning were observed between the skipping lunch day and the having lunch day. However, these results have to be interpreted very cautiously. To permit scientifically well-founded conclusions and provide any cognition-related nutritional recommendations for children, more well-designed studies of this type are needed. In the meanwhile, our results should not retard the promotion of lunch as a specifically nutritious meal in an overall balanced diet for children.
